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INTRODUCTION 


The  Naval  Weapons  Center's  (NWC)  design  for  a  real-time  monitor 
system  to  detect  polynuclear  aromatic  hydrocarbons  (PAHs)  in  combus¬ 
tion  products  has  been  described  previously  (Reference  1).  In  that 
work,  the  monitor  system  was  put  on-line  during  the  incineration  test¬ 
ing  of  a  series  of  unserviceable  Navy  colored  smoke  compositions. 
These  tests  were  performed  at  the  Los  Alamos  National  Laboratory 
(LANL)  Controlled  Air  Incinerator  (CAI)  facility,  Los  Alamos,  N.  Mex. , 
(Reference  2)  in  September  1983. 

It  was  expected  that  the  problems  associated  with  the 
environmentally-safe  incineration  of  Army  colored  smoke  compositions 
would  be  similar  to  those  encountered  in  the  incineration  of  their  Navy 
counterparts.  Therefore,  the  NWC  was  contracted  by  the  Army  Armament 
Command,  Rock  Island,  Illinois,  to  monitor  the  stack  gas  emissions  pro¬ 
duced  during  the  incineration  of  Army  colored  smokes. 

This  report  describes  the  PAH  monitor  results  obtained  from  the 
Army  colored  smoke  composition  incineration  tests  that  took  place  at 
the  LANL  in  April  1984.  During  these  tests,  no  PAHs  were  found  to  be 
present  in  the  incinerator  effluent  gases  at  a  concentration  level 
>1  part  per  million  (ppm)  (the  approximate  gas-phase  detection  limit  of 
the  monitor) .  Since  the  monitor  system  has  been  discussed  in  great 
detail  elsewhere  (Reference  1),  only  the  changes  made  from  the  Navy 
test  configuration  are  covered  here.  The  results  are  presented  in 
chronological  order,  and  they  are  broken  down  according  to  the  LANL 
test  feed  schedule  (Reference  3). 


EXPERIMENTAL 


MATERIALS 

The  naphthalene  used  in  the  calibration  cell  was  purchased  from 
Matheson,  Coleman  and  Bell,  Norwood,  Ohio.  It  was  used  without  fur¬ 
ther  purification,  after  determining  that  its  melting  point  range  was 
80-82°C. 


The  ingredients  and  specifications  of  the  Army  colored  smoke  com¬ 
positions  tested  are  given  in  Appendix  A.  The  LANL  test  feed  schedule 
(Reference  3)  is  given  in  Table  1,  along  with  the  proper  names  of  the 
organic  dyes  which  are  used  in  each  of  the  smoke  formulations.  Their 
chemical  structures  are  shown  in  Figure  1.  It  should  be  noted  that  a 
number  of  these  same  dyes  are  also  used  in  the  Navy  formulations 
(References  4  and  5). 


TABLE  1.  CS-2  Test  Feed  Schedule. 


Phase 

no. 

Feed  material 

Dyes 

1 

None 

None 

2 

Violet  Smoke  IV 

1,4  diamino-2 , 3-dihydroanthraquinone 
1-methylaminoanthraquinone 

3 

Red  Smoke  III 

1-methylaminoanthraquinone 

4 

Green  Smoke  IV 

Dibenzo(a ,h)pyrene-7 , 14-dione 

1 ,4-di-p-toluidinoanthraquinone 
Benzanthrone 

5 

Yellow  Smoke  VI 

Dibenzo(a ,h)pyrene-7 , 14-dione 
Benzanthrone 

6 

Green  Smoke  VI I a 

2- (2  '-quinolyl)-l ,3-indandione 

1 ,4-di-p-toluidinoanthraquinone 

7 

Yellow  Smoke  XI Ia 

2- (2  '-quinolyl)-l ,3-indandione 

8 

White  Smoke  I 

None 

9 

None 

None 

aSmoke  formulations  using  sugar  (lactose)  in  place  of 
sulphur  as  the  reducing  agent. 


LANL  INCINERATOR  COMPLEX 

The  Los  Alamos  CAI  used  for  the  incineration  testing  of  the 
colored  smoke  compositions  has  been  described  elsewhere  (Reference  2). 
For  our  purposes,  the  relationship  of  the  PAH  monitor  sampling  location 
to  the  rest  of  the  system  is  of  primary  importance.  A  block  diagram  of 
the  CAI  is  given  in  Figure  2.  The  PAH  monitor  sampling  location 
(T  <  93.3°C)  is  between  the  two  high-efficiency  particulate  air  (HEPA) 
filter  assemblies,  just  before  the  Demister  Outlet  (DO)  sampling 
location. 
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PAH  MONITOR  FLOW  SYSTEM 

The  PAH  monitor  flow  system  that  was  used  in  the  incineration 
testing  of  the  Navy  colored  smoke  formulations  (Reference  1)  is  given 
in  Figure  3.  The  stack  gases  from  the  PAH  monitor  sampling  location 
passed  through  heated  and  insulated  lines  (1  and  2)  before  reaching  the 
fluorescence  flow  cell,  mounted  in  the  Spex  Industries  instrument.  A 
calibration  cell  was  also  teed  into  line  2  so  that  the  instrument 
response  to  a  known  PAH  concentration  could  be  measured.  The  line 
running  parallel  to  line  2  in  the  figure  was  necessary  to  prevent  the 
condensation  of  the  calibration  PAH  in  the  lines  during  the  on-line 
sampling  of  the  stack  gases. 

Before  our  arrival  at  the  LANL  for  the  Army  tests,  the  PAH  monitor 
system  had  been  moved  to  an  air-conditioned  room  to  provide  a  less  hos¬ 
tile  environment  for  the  instrument.  Sampling  lines  had  been  run  from 
the  PAH  monitor  sampling  point  up  to  the  air-conditioned  room.  The 
sampling  line  length  for  this  test  was  29.5  feet,  compared  to  the 
11-foot  line  used  during  the  Navy  test.  Figure  A  shows  the  valving 
system  set  up  at  the  sampling  point  to  allow  for  the  sampling  of  either 
the  stack  gases,  or  room  air  from  near  the  HEPAs.  The  room  air, 
sampled  through  the  same  line  used  for  the  stack  gases,  provided  a 
background  measurement  for  comparison  purposes. 

For  the  work  described  in  this  report,  the  temperatures  for 
lines  1  through  A  of  Figure  3  were  79. A,  81.7,  78.9,  and  71.7°C.  The 
HEPA  temperature  (at  the  PAH  monitor  sampling  location)  was  73.9°C  and 
the  set  point  for  the  fluorescence  flow  cell  was  79. A  ±1.A°C. 


RESULTS  AND  DISCUSSION 


PRELIMINARY  OBSERVATIONS 

The  fluorescence  spectra  presented  in  the  following  sections  were 
all  taken  with  an  approximately  5  nm  resolution  for  both  excitation  and 
emission.  The  wavelengths  were  scanned  in  the  burst  mode,  at  1  nm/ 
step,  with  a  1  second  integration  time.  The  fluorescent  emission  was 
detected  perpendicular  to  the  excitation  beam.  Temporal  scans  at  fixed 
wavelengths  were  taken  with  a  1  second  integration  time.  Data  was 
acquired  from  either  the  sample  photomultiplier  alone  (SI  mode),  or 
with  the  ratio  of  the  sample  intensity  to  a  reference  photomultiplier 
(S1/S2  mode).  The  latter  technique  corrects  the  result  for  changes  in 
the  xenon  lamp  intensity  as  a  function  of  wavelength.  It  also  corrects 
for  lamp  intensity  fluctuations  with  time. 
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Using  the  calibration  cell,  the  monitor  response  to  a  12.4  ppm 
concentration  of  naphthalene  was  measured  as  a  calibration  check. 
Because  of  the  possibility  of  instrumental  background  contributions  to 
the  measurements,  difference  scans  were  recorded.  Off-line  (room  air) 
data  was  subtracted  from  data  taken  on-line  (stack  gases).  Excitation 
wavelengths,  known  to  excite  PAHs  from  previous  work  (Reference  1), 
were  used  in  all  cases. 


VIOLET  SMOKE  IV 

Prior  to  starting  the  feed  for  the  Violet  IV  smoke,  the  monitor 
was  put  on-line  while  the  incinerator  system  was  burning  only  natural 
gas.  The  emission  scan  results  are  presented  in  Figure  5  and  the  dif¬ 
ference  plot  is  given  in  Figure  6.  There  is  some  weak  emission  near 
318  nm  when  277  nm  excitation  is  used.  It  is  unlikely  that  this  signal 
is  caused  by  the  presence  of  a  PAH  since  the  .emission  is  even  bluer 
than  that  of  naphthalene  (emission  maximum  at  328  nm) .  The  broad  emis¬ 
sion  near  500  nm  is  instrumental  background  and  the  feature  at  554  nm 
is  second  order  227  nm  light. 

A  temporal  scan  is  shown  in  Figure  7.  The  Violet  IV  smoke  compo¬ 
sition  feed  was  started  approximately  5200  seconds  into  the  scan. 
Difference  data  are  presented  in  Figures  8  and  9.  These  data  are  very 
similar  to  what  was  observed  without  the  smoke  formulation  (Figures  5 
and  6).  Emission  scans,  measured  using  a  series  of  excitation  wave¬ 
lengths  known  to  excite  PAHs,  are  presented  in  Figures  10  through  13. 
There  is  no  definite  evidence  for  the  presence  of  PAHs  (>1  ppm)  in  any 
of  these  data. 

The  LANL  NO^  monitor  had  been  registering  approximately  180  ppm  of 
NO^  during  the  Violet  IV  smoke  incineration.  An  attempt  to  observe 

nitrogen  dioxide  (NO2)  emission  from  the  stack  gas  is  given  in  Fig¬ 
ure  14.  None  was  observed.  This  was  not  altogether  unexpected  since 
the  predominant  N0x  species  present  at  the  incinerator  operating  tem¬ 
perature  ( 1010°C )  is  nitric  oxide  (NO)  (Reference  6).  An  attempt  to 
observe  NO  emission  is  shown  in  Figures  15  and  16,  and  the  difference 
spectrum  is  given  in  Figure  17.  The  narrow  features  at  236,  248,  260, 
and  272  nm  in  Figure  17  are  caused  by  the  presence  of  NO  in  the  stack 
gas.  There  is  also  a  much  broader  emission  with  a  maximum  near  306  nm. 
This  emission  is  stronger  than  the  318  nm  emission  observed  earlier 
under  277  nm  excitation.  It  is  unlikely  that  the  306  nm  emission  was 
caused  by  the  presence  of  a  PAH  at  a  concentration  level  >1  ppm  since 
it  is  again,  bluer  than  the  emission  of  naphthalene. 

A  fluorescence  excitation  spectrum  of  the  360  nm  emission  is  given 
in  Figure  18.  The  NO  molecule  has  a  known  absorption  band  at  226  nm 
(Reference  7).  Since  only  weak  NO  emission  is  seen  in  Figure  17,  it  is 


quite  likely  that  the  NO  is  sensitizing  the  species  responsible  for  the 
306  tun  emission.  In  other  words,  upon  photoexcitation,  the  NO  in  the 
stack  gas  transfers  its  excitation  energy  to  an  accepting  species, 
which  then  emits.  This  would  also  explain  why  the  306  nm  emission 
intensity  appeared  to  be  roughly  proportional  to  the  N0x  monitor  con¬ 
centration  reading  for  all  the  smoke  formulations. 

Figures  19  through  22  are  temporal  scans  measured  during  the 
incineration  of  the  Violet  IV  smoke.  The  abrupt  signal  level  changes 
in  Figures  19  and  20  were  caused  by  the  switch  from  on-line  to  room 
air  sampling  during  the  scans.  Some  of  the  other  signal  spikes  were 
observed  to  correlate  with  times  that  the  sampling  firm  was  inserting 
or  removing  their  probes  from  the  incinerator  flow  system. 


RED  SMOKE  III 

Figure  23  shows  the  result  of  a  temporal  scan  taken  during  the 
switch  from  the  Violet  IV  smoke  to  the  Red  III  smoke  incineration. 
There  was  no  dramatic  change  in  the  306  nm  emission  during  the  transi¬ 
tion.  As  can  be  seen  from  the  emission  scans  of  Figures  24  through  30, 
the  results  are  strikingly  similar  to  those  observed  for  the  Violet  IV 
smoke  (compare  to  Figures  8  through  13  and  15).  The  306  nm  emission 
was  observed,  but  there  was  no  evidence  for  the  presence  of  PAHs. 

During  the  temporal  scan  shown  in  Figure  31,  it  was  found  that 
20  to  30  mL  of  liquid  water  had  made  its  way  into  the  pump  trap  on  the 
exit  side  of  the  fluorescence  flow  cell  of  the  PAH  monitor.  The  water 
had  come  from  the  sampling  location  through  the  flow  lines.  This  is 
the  reason  for  the  dramatic  increase  in  signal  at  the  460-second  point 
in  the  figure.  This  water  was  collected  and  saved  for  later  analysis. 
The  increase  in  scattered  light  interference  caused  by  the  water  prob¬ 
lem  can  be  seen  by  comparing  the  second  order  excitation  peak  in  Fig¬ 
ure  32  to  its  earlier  counterpart  (Figure  25).  Nevertheless,  there  is 
still  no  evidence  for  PAHs. 

Two  final  temporal  scans  taken  during  the  incineration  of  the 
Red  III  smoke  are  given  in  Figures  33  and  34.  The  effect  of  stopping 
the  smoke  feed  to  the  incinerator  can  be  seen  in  Figure  34.  Again,  it 
should  be  noted  that  the  306  nm  emission  signal  intensity  appeared  to 
be  roughly  proportional  to  the  N0x  monitor  concentration  reading. 


GREEN  SMOKE  IV 

Figure  35  presents  a  temporal  scan  taken  during  the  start  of  the 
incineration  of  the  Green  IV  smoke.  The  liquid  feed  containing  the 
green  smoke  was  initiated  600  seconds  into  the  scan.  The  306  nm  emis¬ 
sion  is  about  two  to  three  times  stronger  for  this  smoke  formulation 


than  for  the  previous  ones  (Violet  IV  and  Red  III).  Although  this  for¬ 
mulation  contains  three  separate  dyes  (Table  I),  the  total  dye  concen¬ 
tration  in  the  formulation  is  no  greater  than  in  the  other  formulations 
(see  Appendix  All  three  formulations  studied  thus  far  have  dyes 
which  contain  the  nitrogen  atom.  The  increased  306  nm  signal  for  the 
Green  IV  smoke  does  not  appear  to  be  related  to  the  amount  of  nitrogen 
in  the  dyes  themselves. 

Fluorescence  emission  scans  taken  during  the  incineration  of  the 
Green  IV  smoke  are  given  in  Figures  36  and  37.  The  burner  went  out 
during  the  scan  of  Figure  37.  Figures  38  and  39  are  temporal  scans 
obtained  during  the  restart  of  the  liquid  feed  (Green  IV  smoke)  to  the 
burner. 

Figures  40  through  53  present  a  series  of  scans  taken  through  the 
rest  of  the  Green  IV  smoke  incineration.  For  this  test,  as  with  the 
last  two,  no  PAHs  were  seen.  The  302-306  nm  emission,*  which  appears 
to  track  with  the  NO  concentration,  was  the  only  thing  observed. 


YELLOW  SMOKE  VI 

Figures  54  through  62  represent  scans  taken  during  the  incinera¬ 
tion  of  the  Yellow  VI  smoke.  The  302  nm  emission  intensity  for  this 
formulation  was  similar  to  that  observed  for  the  Violet  IV  and  Red  III 
smokes,  tut  weaker  than  that  observed  for  the  Green  IV  smoke.  As  a 
point  of  interest,  this  smoke  formulation  does  not  contain  any  dyes 
with  a  nitrogen  atom  in  the  dye  molecules.  As  with  the  previous  tests, 
no  PAHs  were  found  to  be  present  during  the  incineration  of  this  smoke 
formulation. 


GREEN  SMOKE  VII  AND  NITRIC  OXIDE 

The  Green  VII  smoke  was  the  first  of  two  sugar-based,  rather  than 
sulphur-based  formulations  tested  (see  Table  1).  Figures  63  and  64 
present  temporal  scans  taken  during  the  incineration  changeover  period 
from  the  Yellow  VI  smoke  to  the  Green  VII  smoke.  The  Green  VII  smoke 
feed  was  started  at  2450  seconds  in  the  scan  of  Figure  63.  The  302  nm 
emission  intensity  for  this  material  was  greater  than  that  observed 
for  Violet  IV,  Red  III,  or  Yellow  VI  smokes  but  similar  to  that 
obtained  for  the  Green  IV  smoke.  This  may  mean  that  the  302  nm  emis¬ 
sion  could  be  related  to  the  presence,  or  decomposition  of,  the  1,4-di- 
p-toluidinoanthraquinone  dye.  The  fact  that  the  302  nm  emission  was 


'"'Because  of  the  broad  nature  of  this  emission,  it  is  felt  that  the 
same  species  is  being  observed,  whether  monitoring  at  302  or  306  nm. 
Both  values  will  be  seen  in  the  figures. 
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strong  for  this  sugar-based  formulation  would  imply  that  the  presence 
of  sulphur  in  the  smoke  is  not  responsible  for  the  emitting  species. 


A  tank  of  NO  in  nitrogen  was  temporarily  connected  to  the  room  air 
inlet  (Figure  4)  and  the  PAH  monitor  response  to  the  NO  in  nitrogen  was 
measured.  The  fluorescence  emission  and  excitation  spectra  of  244  ppm 
of  NO  in  nitrogen  are  given  in  Figures  65  and  66.  The  structured  emis¬ 
sion  matches  the  narrow  features  present  in  the  302  am  emission  spec¬ 
trum  of  Figure  17,  and  it  is  quite  clear  that  the  302  nm  emission 
was  not  from  NO  alone.  The  excitation  maximum  of  NO  in  nitrogen  is 
226.5  nm  and  it  is  approximately  three  times  narrower  than  the  226  nm 
excitation  feature  measured  for  the  302  nm  emission  (compare  Figures  66 
and  18).  This  may  be  caused  by  the  presence  of  another  species,  or 
possibly  by  the  NO  sensitization  phenomenon  discussed  earlier.  As  a 
final  point  here,  one  must  be  cautioned  against  the  direct  comparison 
of  the  intensity  values  in  Figures  17,  18,  65,  and  66.  The  presence 
of  oxygen  in  the  stack  gases  (Figures  17  and  18)  would  cause  a  quench¬ 
ing  of  the  NO  emission,  relative  to  that  in  a  nitrogen  atmosphere 
(Figures  65  and  66). 


A  number  of  additional  scans  taken  during  the  incineration  of 
the  Green  VII  smoke  are  given  in  Figures  67  through  72.  Once  again, 
there  was  no  evidence  for  the  presence  of  PAHs.  The  302  nm  emission, 
which  appears  to  track  the  NO  concentration,  was  the  only  significant 
finding. 


YELLOW  SMOKE  XII 


The  Yellow  XII  smoke  was  the  second  of  the  sugar-based  formula¬ 
tions  tested  (Table  1).  Figures  73  and  74  present  temporal  scans  taken 
during  the  incineration  changeover  period  from  the  Green  VII  smoke 
to  the  Yellow  XII  smoke.  The  Yellow  XII  smoke  feed  was  started  at 
1460  seconds  in  the  scan  of  Figure  73.  As  can  be  seen  from  Figure  73, 
the  302  nm  emission  intensity  for  this  material  was  at  least  a  factor 
of  10  lower  than  any  of  the  other  smoke  formulations  tested  to  this 
point.  Additional  scans  for  the  Yellow  XII  smoke  formulation  are  given 
in  Figures  75  through  83.  Once  again,  there  was  no  evidence  for  the 
presence  of  PAHs.  For  that  matter,  in  two  of  the  scans  (Figures  79 
and  83),  there  was  no  change  in  the  signal  level  for  the  302  nm  emis¬ 
sion  when  the  system  was  switched  off-line  to  monitor  room  air. 


WHITE  SMOKE  I 


The  White  I  smoke  was  the  only  formulation  that  did  not  contain 
any  dye  (Table  1).  The  scans  taken  during  the  incineration  of  this 
material  are  presented  in  Figures  84  through  100.  As  can  be  seen  from 
the  figures,  almost  no  emission  was  seen  for  any  of  the  scans. 


-..Vi  rti  1 1  1  ;  fa..  * 
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NAPHTHALENE  CALIBRATION  AND  GAS  COMBUSTION 

To  ensure  that  the  PAH  monitor  system  was  still  functioning  prop¬ 
erly,  naphthalene  was  put  into  the  diffusion  cell,  and  the  instrument 
response  was  measured.  The  results  are  shown  in  Figure  101,  where  it 
can  be  seen  that  signal  intensity  decreases  by  a  factor  of  two  when  the 
flow  rate  is  increased  by  a  factor  of  two.  The  concentrations  for 
naphthalene  were  12.4  and  6.2  ppm,  respectively.  The  reader  should 
also  be  reminded  that  naphthalene  is  one  of  the  more  difficult  PAHs 
for  the  monitor  to  detect  (i.e.,  other  PAHs  would  give  a  larger  signal 
for  an  equivalent  concentration)  (Reference  1). 

The  monitor  was  next  put  on-line  while  only  natural  gas  was  being 
burned  (no  liquid  feed) .  The  wavelengths  were  set  for  the  detection  of 
NO  in  the  stack  gases.  The  N0x  monitor  was  reading  34  ppm  at  the  time. 

A  temporal  scan  is  shown  in  Figure  102.  From  Figures  65  and  66  we  have 
that  244  ppm  of  NO  should  give  5000  counts  in  the  absence  of  oxygen. 
For  34  ppm  of  NO  one  should  therefore  see  (5000/244)  x  34  =  696.7 
counts.  Approximately  7  counts  are  observed  for  34  ppm  of  NO  in  air 
from  Figure  102.  This  factor  of  100  for  the  oxygen  quenching  of  NO  is 
in  good  agreement  with  the  literature  (Reference  8).  Additional  emis¬ 
sion  scans,  with  different  excitation  wavelengths  were  measured  during 
the  gas  burn,  but  no  other  emission  was  observed. 

SMOKE  FORMULATION  MIXTURE 

As  a  final  smoke  incineration  test,  all  of  the  material  remaining 
from  the  previous  runs  were  mixed  together  into  a  conglomerate  sample. 
Scans  taken  during  the  incineration  of  this  mixture  are  given  in  Fig¬ 
ures  103  and  104.  From  the  figures  it  can  be  seen  that  the  same  kind 
of  emission  was  obtained  for  this  mixture  as  that  obtained  for  the 
individual  formulations. 

SUMP  WATER  SAMPLES 

Following  the  completion  of  the  incineration  tests  the  fluo¬ 
rescence  flow  cell  assembly  was  removed  from  the  PAH  monitor  and  the 
sample  chamber  was  cooled  to  room  temperature  (23°C).  To  demonstrate 
the  flexibility  of  the  fluorimeter,  it  was  decided  to  use  the  instru¬ 
ment  at  room  temperature,  with  a  standard  cuvette,  to  examine  some  of 
the  water  samples  collected  during  the  tests.  Three  samples  were 
studied  in  the  limited  time  alloted  for  these  room  temperature  analy¬ 
ses.  The  first  was  a  sample  of  quench  tower  sump  water,  collected  fol¬ 
lowing  the  Red  III  smoke  incineration  test.  The  second  was  a  sample  of 
the  absorber  tower  sump  water,  collected  following  the  Red  III  smoke 
incineration  test,  and  the  last  was  a  sample  of  the  water  that  was 
collected  from  the  pump  trap  in  the  PAH  monitor  flow  system  during  the 
whole  series  of  tests.  Visibly,  all  three  fluoresced  blue-violet  under 
ultraviolet  (UV)  excitation. 
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Excitation-emission  matrix  (References  1  and  9)  data  on  the  quench 
sump  and  absorber  tower  sump  water  samples  are  given  in  Figures  105  and 
106.  Essentially,  this  data  consists  of  a  series  of  emission  spectra, 
taken  over  a  series  of  excitation  wavelengths.  The  vertical  axis  is 
the  intensity  of  the  emission.  There  are  a  number  of  things  to  note 
about  these  data.  The  strongest  spectral  feature  in  both  figures 
represents  the  scattered  radiation  from  the  excitation  source.  It  is 
most  intense  when  the  excitation  wavelength  value  equals  the  emission 
wavelength  value  (Rayleigh  scattering).  This  scattering  signal  forms 
the  intense  diagonal  line  across  the  excitation-emission  matrix.  All 
the  fluorescence  from  the  sample  lies  on  or  below  this  line.  The  fact 
that  the  Rayleigh  scattering  is  so  intense  in  these  figures  implies 
the  presence  of  particulates  in  the  water  samples.  There  is  a  second, 
weaker  diagonal  line  that  runs  approximately  parallel  to  the  Rayleigh 
scattering  line  in  both  figures.  This  is  caused  by  Raman  scattering  of 
the  water.  From  Figure  105  it  can  be  seen  that  the  emission  spectra 
(horizontal  lines)  change  with  a  change  in  the  excitation  wavelength. 
This  is  clear  evidence  for  the  presence  of  a  multicomponent  mixture. 
For  a  single  species,  the  emission  spectrum  should  change  only  in 
intensity,  not  wavelength,  as  the  excitation  wavelength  is  varied. 

It  is  interesting  to  note  that  the  components  responsible  for  the 
bluest  emission  in  the  quench  sump  water  do  not  make  it  through  the 
system  to  the  absorber  tower  (compare  Figures  105  and  106,  remembering 
that  the  Rayleigh  and  Raman  scattering  features  are  in  both  figures). 
The  selective  emission  and  excitation  of  the  reddest  component  of  the 
mixture  are  presented  in  Figures  107  and  108.  In  this  case  the  obser¬ 
vations  were  of  the  pump  trap  water,  but  it  would  appear  that  this  com¬ 
ponent  makes  its  way  in  the  incinerator  system  at  least  as  far  as  the 
PAH  sampling  location  (see  Figure  2). 

Time  constraints  prevented  further  analysis  of  the  water  samples, 
but  these  rudimentary  results  are  presented  here  mainly  to  demonstrate 
the  additional  capabilities  of  the  monitor  system  as  an  analytical 
tool.  As  a  final  note  on  this  topic,  it  should  be  realized  that  the 
potential  sensitivity  of  this  system  for  fluorescing  liquid  samples 
could  be  approximately  10,000  times  greater  than  the  sensitivity  for 
gas  phase  samples.  This  is  because  the  sample  density  is  approximately 
1000  times  larger  in  the  liquid,  and  the  air  (oxygen)  quenching  would 
be  less  severe  in  the  liquid  phase. 


CONCLUSIONS 


A  number  of  Army  colored  smoke  compositions  were  incineration 
tested  at  the  LANL  CAI  facility.  A  monitor  analyzed  the  incinerator 
effluent  for  environmentally  hazardous  PAH  materials  during  the  tests. 
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At  the  sampling  location,  no  PAHs  were  detected  (on  a  >1  ppm  level) 
during  the  incineration  of  any  of  the  smoke  compositions  studied.  This 
was  true  for  all  the  incinerator  conditions  used,  over  the  approxi¬ 
mately  4  days  of  testing.  A  signal  was  observed  (emission  maximum 
302  nm,  excitation  maximum  226  nm)  which  occurred  to  varying  degrees 
with  most  of  the  smokes.  The  intensity  of  this  signal  appeared  to 
follow  the  NO  monitor  signal  intensity,  and  226  nm  is,  in  fact,  a 
spectral  region  over  which  NO  absorbs.  It  is  suspected  that  the  NO 
present  in  the  system  is  being  excited  at  226  nm  and  then  transferring 
its  excitation  energy  to  compound(s)  X,  which  emit(s)  at  302  nm.  The 
fact  that  only  weak  NO  emission  is  observed  is  in  agreement  with  this 
hypothesis . 

The  302  nm  emission  of  compound(s)  X  is  bluer  than  any  of  the  tar¬ 
get  PAHs  known  to  be  formed  from  the  incomplete  combustion  of  the  smoke 
materials  (Reference  1).  A  survey  of  cataloged  spectra  (Reference  10) 
revealed  that  the  only  PAH  that  might  emit  near  302  nm  is  fluorene,  but 
if  it  were  present,  it  is  not  clear  why  there  was  no  absorption  near 
260  nm.  It  is,  therefore,  highly  unlikely  that  the  302  nm  emission  was 
coming  from  a  PAH.  It  is  interesting  to  note  that  very  little  signal 
of  any  kind  was  observed  for  the  White  I  smoke  (which  contains  no  dye), 
and  for  the  Yellow  XII  smoke  (one  of  the  sugar-based,  rather  than 
sulphur  based  formulations).  However,  the  presence  of  the  302  nm 
emission  for  the  Green  VII  smoke  (sugar-based)  would  argue  that  the 
presence  of  sulphur  in  the  formulation  is  not  responsible  for  the 
emitting  species. 

On  several  occasions  during  the  tests,  liquid  water  made  its  way 
through  the  flow  line/fluorescence  cell  and  wound  up  in  the  pump  trap. 
This  caused  a  dramatic  increase  in  scattered  light  interference  and  may 
have  caused  some  fluorescence  cell  contamination.  A  possible  solution 
to  this  problem  would  be  to  have  the  sampling  lines  come  off  the  top  of 
the  flow  system,  rather  than  the  bottom,  where  water  can  collect. 

Following  the  smoke  tests,  the  fluorescence  flow  cell  was  removed 
and  visually  inspected.  There  were  a  number  of  water  spots  on  the 
cell,  caused  by  the  liquid  water  problem  described  above.  The  instru¬ 
ment  response  to  a  standard  water  Raman  signal  was  checked.  This  was 
done  because  the  calibration  signal  observed  for  naphthalene  during 
these  tests  was  about  two  times  lower  than  during  the  Navy  tests  in 
September  1983.  The  water  Raman  signal  was  down  by  a  factor  of  1.6 
compared  to  that  obtained  when  the  instrument  was  new.  It  is  not  clear 
why  the  instrument  throughput  seems  to  have  degraded.  It  may  be  that 
the  lamp  is  losing  its  brightness. 

To  demonstrate  the  flexibility  of  the  fluorimeter,  some  of  the 
water  samples  collected  during  the  incineration  tests  were  examined. 
Although  a  complete  analysis  was  not  undertaken,  there  is  clear  evi¬ 
dence  that  some,  but  not  all  of  the  water  impurities  were  removed  at 
the  quench  tower  stage. 
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Finally,  it  should  be  mentioned  that  the  air-conditioned  room  was 
much  easier  on  the  instrument  (and  the  operators),  and  that  on/off  line 
difference  scans  should  be  used  in  the  standard  operating  procedure  for 
the  monitor. 
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FIGURE  1.  Organic  Dyes  Used  in  Smoke  Formulations. 
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FIGURE  2.  Incinerator  Air  Flow  Schematic  Showing 
Sampling  Locations. 


FIGURE  4.  Valve  System  for  Stack  Gas  and  Room  Air  Sampling. 
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FIGURE  7.  Temporal  Scan  Started  at  1519  on  25  April  1984 
During  the  Incineration  of  the  Violet  IV  Smoke.  The  feed 
was  started  ~5200  seconds  into  the  scan.  Ex  =  277  nm, 

EM  =  318  nm. 
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FIGURE  8.  Fluorescence  Emission  Spectrum  Started  at 
1702  on  25  April  1984  During  the  Incineration  of  the 
Violet  IV  Smoke.  Ex  =  277  rui,  on-line  ( - ),  room 
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FIGURE  11.  Fluorescence  Emission  Spectrum  Started  at 
1754  on  25  April  1984  During  the  Incineration  of  the 
Violet  IV  Smoke.  Ex  =  240  nm. 
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FIGURE  12.  Fluorescence  Emission  Spectrum  Started  at 
1800  on  25  April  1984  During  the  Incineration  of  the 
Violet  IV  Smoke.  Ex  =  284  nm.  Excitation  parameter 
for  phenanthrene  detection. 
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FIGURE  13.  Fluorescence  Emission  Spectrum  Started  at 
1812  on  25  April  1984  During  the  Incineration  of  the 
Violet  IV  Smoke.  Ex  =  310  nm. 


FIGURE  14.  Fluorescence  Emission  Spectrum  Started  at 
1910  on  25  April  1984  During  the  Incineration  of  the 
Violet  IV  Smoke.  Ex  =  450  nm.  Excitation  parameter 
for  NO2  detection. 
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FIGURE  15.  Fluorescence  Emission  Spectrum  Started  at 
1936  on  25  April  1984  During  the  Incineration  of  the 
Violet  IV  Smoke.  Ex  =  226  nm.  Excitation  parameter 
for  NO  detection. 
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FIGURE  16.  Fluorescence  Emission  Spectrum  Started  at 
1958  on  25  April  1984  While  Sampling  Room  Air. 

Ex  =  226  nm. 
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FIGURE  23.  Temporal  Scan  Started  at  2332  on 
25  April  1984  During  the  Switch  from  the  Violet 
IV  to  the  Red  III  Smoke.  The  switch  was  made 
800  seconds  into  the  scan.  Ex  =  226  run, 

Em  =  306  nm. 


230.00  330. CC  43C.00 


^  ncrt  H  (hti 

FIGURE  24.  Fluorescence  Emission  Scan  Started  at 
0007  on  26  April  1984  During  the  Incineration  of 
the  Red  III  Smoke.  Ex  =  226  nm. 
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FIGURE  27.  Fluorescence  Emission  Scan  Started  at 
0032  on  26  April  1984  During  the  Incineration  of 
the  Red  III  Smoke.  Ex  =  240  nm. 
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FIGURE  28.  Fluorescence  Emission  Scan  Started  at 
0040  on  26  April  1984  During  the  Incineration  of 
the  Red  III  Smoke.  Ex  =  284  nm.  Excitation  par¬ 
ameter  for  phenanthrene  detection. 
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FIGURE  32.  Fluorescence  Emission  Scan  Started  at 
0705  on  26  April  1984  During  the  Incineration  of 
the  Red  III  Smoke.  Ex  =  277  nm. 
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FIGURE  33.  Temporal  Scan  Started  at  0924  on  26  April  1984 
During  the  Incineration  of  the  Red  III  Smoke.  Ex  =  226  nm, 
Em  =  306  nm. 
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FIGURE  34.  Temporal  Scan  Started  at  1205  on  26  April  1984 
During  the  Incineration  of  the  Red  III  Smoke.  Ex  =  226  nm, 
Em  =  306  nm.  Valves  switched  to  sample  room  air  at  570  sec 
onds  and  back  on-line  at  700  seconds.  Red  III  feed  turned 
off  at  900  seconds,  and  back  on  at  1150  seconds.  Feed  off 
again  at  1650  seconds. 
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FIGURE  35.  Temporal  Scan  Started  at  1303  on 
26  April  1984  During  the  Start  of  the  Incinera¬ 
tion  of  the  Green  IV  Smoke.  Ex  =  226  nm, 

Em  =  306  nm.  The  liquid  feed  was  initiated 
600  seconds  into  the  scan. 


FIGURE  36.  Fluorescence  Emission  Scan  Started  at 
1416  on  26  April  1984  During  the  Incineration  of 
the  Green  IV  Smoke.  Ex  =  226  nm. 
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FIGURE  37.  Fluorescence  Emission  Scan  Started  at 
1428  on  26  April  1984  During  the  Incineration  of 
the  Green  IV  Smoke.  Ex  =  277  nm. 


FIGURE  38.  Temporal  Scan  Started  at  1435  on 
26  April  1984  During  the  Start  of  the  Incin¬ 
eration  of  the  Green  IV  Smoke.  Ex  =  226  nm, 

Em  =  306  nm.  The  liquid  feed  was  re-started 
952  seconds  into  the  scan.  Valves  switched  to 
sample  room  air  at  3000  seconds. 
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FIGURE  39.  Temporal  Scan  Started  at  1539  on 
26  April  1984  During  the  Incineration  of  the 
Green  IV  Smoke.  Ex  =  226  nm,  Em  =  306  ran. 
Valves  switched  from  sampling  room  air  to 
on-line  at  100  seconds. 
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FIGURE  40.  Fluorescence  Emission  Scan  Started  at 
1547  on  26  April  1984  During  the  Incineration  of 
the  Green  IV  Smoke.  Ex  =  226  nm. 
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FIGURE  41.  Fluorescence  Emission  Scan  Started  at 
1550  on  26  April  1984  During  the  Incineration  of 
the  Green  IV  Smoke.  Ex  =  277  nm. 
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FIGURE  42.  Fluorescence  Emission  Scan  Started  at 
1600  on  26  April  1984  During  the  Incineration  of 
the  Green  IV  Smoke.  Ex  =  240  nm. 
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FIGURE  43.  Fluorescence  Emission  Scan  Started  at 
1608  on  26  April  1984  During  the  Incineration  of 
the  Green  IV  Smoke.  Ex  =  344  nm.  Excitation 
parameter  for  anthracene  detection. 
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FIGURE  44.  Fluorescence  Excitation  Scan  Started  at 
1632  on  26  April  1984  During  the  Incineration  of  the 
Green  IV  Smoke.  Em  =  306  nm,  S1/S2  mode. 


NWC  TP  6559 


0.  OOF  00  j- 

0.00 


— , - j - - 

1300.00 

i  Tie  i  eec 


FIGURE  47.  Temporal  Scan  Started  at  1821  on  26  April  1984 
During  the  Incineration  of  the  Green  IV  Smoke.  Ex  =  226  nm. 
Em  =  302  nm.  The  spikes  at  202  seconds  were  caused  by  pres¬ 
sure  fluctuations  in  the  line  during  the  removal  of  water 
from  the  pump  trap.  Valves  switched  to  sample  room  air  at 
3494  seconds,  and  back  on-line  at  3570  seconds. 
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FIGURE  48.  Fluorescence  Emission  Spectrum  Started  at  1930 
on  26  April  1984  During  the  Incineration  of  the  Green  IV 
Smoke.  Ex  =  344  nm,  on-line  ( - ),  room  air  ( - ).  Exci¬ 

tation  parameter  for  anthracene  detection. 


40 


NWC  TP  6559 


5.  OOF  G3 


a.  oof  ao 


- ) - 

253.03 


FIGURE  51 .  Temporal  Scan  Started  at  2052  on 
26  April  1984  During  the  Incineration  of  the 
Green  IV  Smoke.  Ex  =  226  nm,  Em  =  302  nm. 
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FIGURE  52.  Fluorescence  Emission  Spectrum  Started  at 
2106  on  26  April  1984  During  the  Incineration  of  the 
Green  IV  Smoke.  Ex  =  277  nm,  on-line  ( - ),  room 
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FIGURE  55.  Fluorescence  Emission  Spectrum  Started  at 
2224  on  26  April  1984  During  the  Incineration  of  the 

Yellow  VI  Smoke.  Ex  =  240  nm,  on-line  ( - ) ,  room 

air  ( - )  . 
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FIGURE  56.  Fluorescence  Emission  Spectrum  Started  at 
225]  on  26  April  1984  During  the  Incineration  of  the 
Yellow  VI  Smoke.  Ex  =  277  nm,  on-line  (  — ) ,  room 


NWC  TP  6559 


l.OOE  03 


0.00E  00  -| - 

360.00 


Nave  length  l  non) 


FIGURE  57.  Fluorescence  Emission  Spectrum  Started  at 
23  on  26  April  1984  During  the  Incineration  of  the 

Yellow  VI  Smoke.  Ex  =  344  nm,  on-line  ( - ),  room  air 

( - ).  Excitation  parameter  for  anthracene  detection. 
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FIGURE  58.  Fluorescence  Emission  Spectrum  Started  at 
2334  on  26  April  1984  During  the  Incineration  of  the 
Yellow  VI  Smoke.  Ex  =  310  nm,  on-line  ( - ),  room 
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FIGURE  59.  Temporal  Scan  Started  at  U125  on 
27  April  1984  During  the  Incineration  of  the 
Yellow  VI  Smoke.  Ex  =  226  nm,  Em  =  3G2  nm. 
Valves  switched  to  sample  room  air  at  2960  sec¬ 
onds  and  back  on-line  at  3224  seconds. 


FIGURE  60.  Fluorescence  Emission  Spectrum  Started  at 
0238  on  27  April  1984  During  the  Incineration  of  the 

Yellow  VI  Smoke.  Ex  =  284  nm,  on-line  ( - ),  room 

air  ( - ).  Excitation  parameter  for  phenanthrene 

detection. 
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FIGURE  61.  Fluorescence  Emission  Spectrum  Started  at 
0304  on  27  April  1984  During  the  Incineration  of  the 

Yellow  VI  Smoke.  Ex  =  254  nm,  on-line  ( - ),  room  air 

( - ).  Excitation  parameter  for  benzene  detection. 
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FIGURE  63.  Temporal  Scan  Started  at  0431  on  27  April  1984 
During  the  Incineration  Changeover  from  the  Yellow  VI  Smoke 
to  the  Green  VII  Smoke.  Ex  =  226  nm,  Em  =  302  nm.  The 
Yellow  VI  feed  was  stopped  at  100  seconds.  Valves  switched 
to  sample  room  air  at  1100  seconds,  and  back  on-line  at 
1360  seconds.  The  Green  VII  smoke  feed  was  started  at 
2450  seconds. 


0.00  '400.00  2800.00 


F  i  T:e  i  c;ec  i 

FIGURE  64.  Temporal  Scan  Started  at  0534  on  27  April  1984 
During  the  Incineration  of  the  Green  VII  Smoke.  Ex  =  226  nm, 
Em  ■  302  nm.  S1/S2  mode. 
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FIGURE  67.  Temporal  Scan  Started  at  0822  on  27  April  1984 
During  the  Incineration  of  the  Green  VII  Smoke.  Ex  =  226  nm 
Em  =  302  nm,  S1/S2  mode. 
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FIGURE  68.  Fluorescence  Emission  Spectrum  Started  at 
0951  on  27  April  1984  During  the  Incineration  of  the 

Green  VII  smoke.  Ex  =  284  nm,  on-line  ( - ),  room  air 

( - ).  Excitation  parameter  for  phenanthrene  detec¬ 

tion.  S1/S2  mode. 


NWC  TP  6559 


8. OOF  02 


JT' 

+- 


aj 

-h 


a. oof  oo  - 

230.00  330.00  430.00 

Wavelength  (nm) 

FIGURE  69.  Fluorescence  Emission  Spectrum  Started  at 
1023  on  27  April  1984  During  the  Incineration  of  the 

Green  VII  Smoke.  Ex  =  226.3  nm,  on-line  ( - ),  room  air 

(  — ).  Excitation  parameter  for  NO  detection.  S1/S2 
mode. 


FIGURE  70.  Fluorescence  Emission  Spectrum  Started  at 
1052  on  27  April  1984  During  the  Incineration  of  the 

Green  VII  Smoke.  Ex  =  240  nm,  on-line  ( - )  ,  room  air 

( - ).  S1/S2  mode. 
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1137  on  27  April  1984  During  the  Incineration  of  the 

Green  VII  Smoke.  Em  =  306  nm,  on-line  ( - ) ,  room  air 

(---) .  S1/S2  mode. 
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FIGURE  72.  Fluorescence  Emission  Spectrum  Started  at 
1205  on  27  April  1984  During  the  Incineration  of  the 

Green  VII  Smoke.  Ex  =  277  nm,  on-line  ( - ),  room  air 

( - ).  S1/S2  mode. 
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FIGURE  73.  Temporal  Scan  Started  at  1220  on 
27  April  1984  During  the  Incineration  Change¬ 
over  from  the  Green  VII  Smoke  to  the  Yellow  XII 
Smoke.  Ex  =  226.5  nm,  Em  =  302  nm,  S1/S2  mode. 

The  switch  was  made  at  1458  seconds. 
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FIGURE  74.  Temporal  Scan  Started  at  1324  on 
27  April  1984  During  the  Incineration  for  the 
Yellow  XII  Smoke.  Ex  *  226.5  nm,  Em  =  302  nm, 

S1/S2  mode.  Valves  switched  to  monitor  room  air 
at  444  seconds,  and  back  on-line  at  536  seconds. 
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FIGURE  77.  Fluorescence  Emission  Spectrum  Started  at 
1526  on  27  April  1984  During  the  Incineration  of  the 

Yellow  XII  Smoke.  Ex  =  226  nm,  on-line  ( - ■) ,  room  air 

( - ).  Excitation  parameter  for  NO  detection.  S1/S2 
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FIGURE  78.  Fluorescence  Excitation  Spectrum  Started  at 
1556  on  27  April  1984  During  the  Incineration  of  the 

Yellow  XII  Smoke.  Ex  =  302  nm,  on-line  ( - ) ,  room  air 

( - ) .  S1/S2  mode. 
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FIGURE  79.  Temporal  Scan  Started  at  1615  on  27  April  1984 
During  the  Incineration  of  the  Yellow  XII  Smoke.  Ex  = 

226  nm,  Em  =  302  nm.  S1/S2  mode.  Valves  switched  off-line 
to  sample  room  air  at  288  seconds,  and  back  on-line  at 
496  seconds.  Repeated  at  1018  seconds  and  1500  seconds. 
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FIGURE  80.  Fluorescence  Emission  Spectrum  Started  at 
1655  on  27  April  1984  During  the  Incineration  of  the 

Yellow  XII  Smoke.  Ex  =  269  nm,  on-line  ( - ) ,  room 

air  ( - ).  S1/S2  mode.  Excitation  parameter  for 

naphthalene  detection. 


FIGURE  82.  Fluorescence  Emission  Spectrum  Started  at 
1736  on  27  April  1984  During  the  Incineration  of  the 

Yellow  XII  Smoke.  Ex  =  344  nm,  on-line  ( - )  ,  room 

air  ( - ) .  S1/S2  mode.  Excitation  parameter  for 

anthracene  detection. 
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FIGURE  83.  Temporal  Scan  Started  at  1933  on  27  April  1984 
During  the  Incineration  of  the  Yellow  XII  Smoke.  Ex  = 

226  nm,  Em  =  302  nm,  S1/S2  mode.  Valves  switched  off-line 
to  sample  room  air  at  1750  seconds,  and  back  on-line  at 
2990  seconds. 
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FIGURE  84.  Temporal  Scan  Started  at  2052  on  27  April  1984  During 
the  Incineration  of  the  White  I  Smoke.  Ex  =  226  nm,  Em  =  302  nm, 
S1/S2  mode.  Valves  switched  off-line  to  sample  room  air  at 
1080  seconds,  and  back  on-line  at  1455  seconds.  The  signal 
decrease  near  700  seconds  was  caused  by  blocking  the  photomulti¬ 
plier  to  measure  the  tube  dark  count. 
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FIGURE  86.  Fluorescence  Emission  Spectrum  Started  at 
2150  on  27  April  1984  During  the  Incineration  of  the 

White  I  Smoke.  Ex  =  269  ran,  on-line  ( - ),  room  air 

( - ) .  S1/S2  mode.  Excitation  parameter  for  naphtha¬ 

lene  detection. 
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FIGURE  87.  Fluorescence  Emission  Spectrum  Started  at 
2203  on  27  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Ex  =  310  nm,  on-line  (  — ),  room  air 
( - ).  S1/S2  mode. 


FIGURE  88.  Fluorescence  Emission  Spectrum  Started  at 
2218  on  27  April  1984  During  the  Incineration  of  the 

White  I  Smoke.  Ex  =  344  nm,  on-line  ( - ),  room  air 

( - ).  S1/S2  mode.  Excitation  parameter  for  anthracene 

detection. 
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FIGURE  91.  Temporal  Scan  Started  at  2330  on  27  April  1984 
During  the  Incineration  of  the  White  I  Smoke.  Ex  =  226  nm, 
Em  =  318  nm,  S1/S2  mode.  Valves  switched  off-line  to  sample 
room  air  at  1124  seconds,  and  back  on-line  at  1314  seconds. 
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FIGURE  92.  Temporal  Scan  Started  at  0038  on 
28  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Ex  =  226  nm,  Em  =  302  nm,  S1/S2 
mode.  Valves  switched  off-line  to  sample  room  air 
at  1070  seconds,  and  back  on-line  at  1440  seconds. 
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FIGURE  95.  Fluorescence  Emission  Spectrum  Started  at 
014 J  on  28  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Ex  =  277  nm,  on-line  (  — ) ,  room  air 
( - ).  S1/S2  mode. 


FIGURE  96.  Fluorescence  Emission  Spectrum  Started  at 
0203  on  28  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Ex  =  250  nm,  on-line  (  — ),  room  air 
( - ) .  S1/S2  mode. 
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FIGURE  97.  Temporal  Scan  Started  at  0220  on 
28  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Ex  =  226  ran,  Em  =  302  nm,  S1/S2 
mode.  Valves  switched  off-line  to  sample  room  air 
at  2170  seconds,  and  back  on-line  at  2500  seconds. 
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FIGURE  98.  Fluorescence  Excitation  Spectrum  Started  at 
0325  on  28  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Em  =  302  nm,  on-line  (  — )  ,  room  air 
( - ) .  S1/S2  mode. 
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FIGURE  99.  Fluorescence  Emission  Spectrum  Started  at 
0340  on  28  April  1984  During  the  Incineration  of  the 
White  I  Smoke.  Ex  =  284  nm,  on-line  (  — )  ,  room  air 

( - ).  S1/S2  mode.  Excitation  parameter  for  phenan- 

threne  detection. 
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FIGURE  100.  Fluorescence  Emission  Spectrum  Started  at 
0400  on  28  April  1984  During  the  Incineration  of  tne 

White  I  Smoke.  Ex  =  344  nm,  on-line  ( - ),  room  air 

( - ).  S1/S2  mode.  Excitation  parameter  for  anthracene 

detection. 
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FIGURE  101.  Temporal  Scan  of  Naphthalene  Calibration.  The 
air  flowrate  was  changed  from  80  to  160  mL/min  at  450  seconds 
and  to  a  room  air  flow  at  1595  seconds.  The  naphthalene  con¬ 
centrations  would  be  12.4,  6.2,  and  0.0  ppm,  respectively. 
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FIGURE  102.  Temporal  Scan  Started  at  1117  on  28  April  1984 
During  the  Incineration  of  Gas  Only.  Ex  =  226  nm,  Em  =  260  nm 
S1/S2  mode.  Valves  switched  off-line  to  sample  room  air  at 
770  seconds,  and  back  on-line  at  1358  seconds.  Wavelength 
parameters  selected  for  NO  detection. 
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FIGURE  103.  Temporal  Scan  Started  at  1316  on  28  April  1984 
During  the  Incineration  of  the  Smoke  Formulation  mixture. 

Ex  =  226  nm,  Em  =  302  nm,  S1/S2  mode.  Valves  switched  off¬ 
line  to  sample  room  air  at  5105  seconds,  and  back  on-line 
at  5350  seconds. 
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FIGURE  104.  Fluorescence  Emission  Spectrum  Started  at 
1452  on  28  April  1984  During  the  Incineration  of  the 
Smoke  Formulation  Mixture.  Ex  =  226  nm,  on-line  (  — )  , 
room  air  ( - ).  S1/S2  mode. 
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FIGURE  105.  Excitation-Emission  Matrix  Generated  from  the  Quench  Sump 
Water  in  a  1  cm  Cuvette.  QS  sample  # 17,  26  April  1984,  0315,  POST  03  PI 
Excitation  values  were  incremented  in  5  nm  steps  from  210-405  nm.  The 
emission  was  scanned  from  300-600  nm,  in  1  nm  steps.  S1/S2  mode.  The 
program  used  was  from  Spex  Technical  Note  #62. 
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FIGURE  106.  Excitation-Emission  Matrix  Generated  from  the  Absorber 
Tower  Sump  Water  in  a  1  cm  Cuvette.  ATS  sample  #17,  26  April  1984, 

1240.  Excitation  values  were  incremented  in  5  nm  steps  from  210-405  nm. 
The  emission  was  scanned  from  300-600  nm,  in  1  nm  steps.  S1/S2  mode. 

The  program  used  was  from  Spex  Technical  Note  #62. 


NWC  TP  6559 


FIGURE  107.  Selective  Fluorescence  Emission  Spectrum  of  the 
Pump  Trap  Water  in  a  1  cm  Cuvette.  Ex  =  388  nm,  S1/S2  mode. 
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FIGURE  108.  Selective  Fluorescence  Excitation  Spectrum  of  the 
Pump  Trap  Water  in  a  1  cm  Cuvette.  Em  =  419  nm,  S1/S2  mode. 
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